NASA Technical
• A ]3-747 aircraft lost its entire hydraulic system because of a pressure bulkhead failure. It was flown for almost an hour using throttle control, but the crew were forced to learn by trial and error, and the plane eventually hit a mountain.
• An uncontained engine failure on a DC-10 caused the loss of all hydraulics. The crew used throttles for control under extremely difficult circumstances and were able to execute an emergency crash landing at an airport, and many lives were saved.
In other cases hydraulic loss caused partial loss of flight controls:
• A C-5A cargo airplane bad a major structural failure that caused loss of all hydraulics to the tail.
This airplane was flown for 1/2 hr with the throb ties, but on a landing attempt, the airplane hit the ground short of the runway, broke up, and all aboard were killed in the resulting fire.
• B-52 airplanes have experienced two cases of total loss of hydraulic power to the rudder and elevator. Thrust and wing spoilers were used for pitch control.
In one case, the crew tried to land the airplane, and hit very hard, breaking off the nose section on impact.
The rest of the airplane was destroyed by fire, but the entire crew survived. In the second instance, procedures developed as a result of the first accident were used. The B-52 had a hard landing, but was repairable. 
Inlets
The F-15 is equipped with variable-geometry 2-dimensional external compression horizontal ramp inlets. Since these inlets are well forward and outboard of the aircraft CG, pitching, rolling, and yawing moments are developed by the inlet aerodynamics as engine airflow changes. Although these forces and moments are small in conventional flight, they become significant when the flight controls are locked. If hydraulic pressure to the actuators is lost, the inlet ramps both drift to a full-up position. This was the condition used for all F-15 PCA tests.
Flight

Control System
The F-15 has a mechanical flight control system augmented by a high-authority electronic control augmentation system (CAS and included the digital flight control computer, the general-purpose research digital computer, the F100
EMD engines with DEECs, the cockpit HUD and control system input-output, interface equipment to allow these systems to communicate, the "emergency" flight control mode, and the data system and tape recorder.
The PCA system was implemented by adding only the attitude command thumbwheel controllers in the cockpit. The PCA system was designed for a limited-envelope first flight evaluation of augmented throttles-only control. It was designed to function at airspeeds between 150 and 190 kts at altitudes below 10,000 ft. It was assumed that the airplane would be trimmed to the desired test conditions prior to PCA system engagement. In the roll axis, the pilot bank angle command is compared with yaw rate, roll rate, and bank angle; differential thrust commands are issued to both engines to obtain the commanded bank angle. 
Results and Discussion
The F-15 PCA system was evaluated during a series of flights. The initial tests consisted of engaging the PCA system in level flight and observing the system operation. Later tests included response to step inputs and approaches to the runway.
Step Inputs 
Engagement at Unusual Attitudes
Another test was to engage the PCA system after the airplane was maneuvered to unusual attitudes, such as might occur with an actual loss of flight controls. Although the PCA system was not specifically designed to handle such conditions, simulation studies indicated that it could safely recover the F-15 from a range of upsets. The most severe test (Fig. 11 ) was initiated at 250 kts at 15,000 ft, with a 22°-nose down and 78°-bank situation.
The pilot moved the inlets to the emergency position and engaged the PCA system. 
